Combinatorial materials science offers an exciting experimental strategy for rapidly surveying a wide array of materials chemistries and process variables coupled to the screening of structure and properties. Adapting approaches used in synthetic organic chemistry for applications such as pharmaceutical sciences and chemical discovery, materials scientists have developed a variety of approaches to create libraries in the solid state in order to rapidly examine a broad range of materials characteristics; the ultimate hope is to accelerate the discovery of new materials and/or new materials properties. This article provides an overview of the different experimental strategies used in combinatorial experimentation and high-throughput screening in materials science and engineering and the challenges to analyzing the information obtained from such experiments. Particular focus is placed on the use of informatics to convert the data from high-throughput experimentation to high-throughput knowledge discovery. The review also raises the broader issue of future needs in combinatorial materials science, such as making this area an experimental platform for multiscale modeling, and the need for a stronger materials-theory-driven approach to combinatorial experimentation.
Combinatorial libraries

Figure 1
A classification chart of experimental methods for generating combinatorial libraries for bulk, particulate, and thin-film materials. The experimental strategies fall into two broad categories of continuous and discrete libraries. The former category involves experimental strategies to create controlled gradients in two and three dimensions, resulting in gradients in a variety of materials properties such as chemistry and microstructure. This permits one to survey associated property variations via a number of high-throughput-screening techniques. The generation of discrete libraries can be accomplished in a number of different ways. For example, one can physically manipulate materials in small volumes and deposit them in discrete arrays where each volume is characterized by some unique characteristic (e.g., chemistry). Or, one can develop techniques to engineer either the substrate onto which the library is deposited or the deposition source to create a discrete array. Added to this classification are what may be termed hybrid methods, which combine characteristics of both discrete and continuous libraries to create new levels of diversity in structure-property relationships.
superlattices. In this case, by the generation of single-crystal libraries, the interpretation of the mechanisms can be linked. Such an approach truly permits one to interpret the mechanisms that result in libraries truly reflective of crystal structure-diffusion relationships. Different types of experiments are needed to track microstructure influences in the development of a compound library. The chemical changes can also be generated by postprocessing the material, as in the case of polymer films. Ashley et al. (32) , for example, generated libraries of polymer films with gradients in surface energy. The films were obtained by the ozonolysis of a self-assembled monolayer that exposed the substrate to ultraviolet (UV) light for different lengths of time. Further enhancing the ability to manipulate the deposition chemistry can help achieve very large numbers of materials chemistries via chemical gradients. For example, Hata et al. (33) and Sakurai et al. (34) have used arc plasma deposition techniques, coupling multiple deposition guns for different chemistries with magnetic fields to manipulate the deposition trajectories onto the substrate. The interesting aspect of such work was not only the means by which these researchers increased the dimensionality of the deposition chemistries, but also the ability to produce and assess libraries rapidly. Using a combination of techniques, these researchers mapped the microstructural state of the libraries (Figure 2 ). This type of information is critical in enabling us to make meaningful interpretations of links to properties.
Thickness gradients.
Thickness gradients (samples of continuously varying thickness) have been applied to create and assess a variety of thin film combinatorial libraries for both inorganic and polymer films (29) . de Gans et al. (35) have used these thickness gradients in polymers to explore variations in their wetting characteristics and generate combinatorial libraries on surface-energy data. As Larson & Liedberg (36) note, by the generation of a gradient, a single sample can reveal information that otherwise would require the investigation of a large number of homogeneous, single-property/single-composition samples. More importantly, the occurrence of methodological errors during readout is minimized because gradients offer internal referencing. In their study of developing materials for biosensor applications, Larson & Liedberg (36) point out that one can create gradients with respect to various properties; the relevant ones for biosensor applications are density, composition, presentation of immobilized biorecognition entities (e.g., receptors and antibodies), and the extension or thickness of the sensing layer (matrix) on the supporting transducer substrate.
Thermal gradients. Thermal gradients provide a mechanism to promote a means of generating libraries via mass transport (23) (24) (25) (26) (27) (28) (29) 37) . Solidification is a classical approach that surprisingly has not been used as often as one would expect, especially in generating bulk combinatorial libraries.
Silva et al. (38) have used controlled composition changes in growing single crystals to generate one-dimensional libraries of lattice parameter. This is one of the few studies that have used highresolution diffraction rocking curves to link structure to property variations. Cohen-Adad et al. (39) , for instance, have demonstrated how directional solidification (which is produced by thermal gradients) can be used to generate both compound as well as microstructural libraries.
Thermal gradients can also be used to acquire kinetic data in a combinatorial fashion. Kinetic measurements are an important type of data that are not often generated but need to be acquired in combinatorial experiments. Shovsky & Schönherr (40) have demonstrated a technique that allows one to determine rapidly the temperature dependence of solution-phase surface reactions of organic thin films on solid supports (Figure 3) . Instead of estimating the extent of reaction of many separate samples for many different temperatures sequentially, these authors took advantage of surface reactions carried out under a thermal gradient, followed by position-resolved contact angle measurements, to create combinatorial libraries rapidly. This study is noteworthy in two ways: It systematically validated the approach via conventional experiments to test the robustness of the combinatorial measurements, and it used the combinatorial geometry to extract kinetic data. This type of calibration and novel coupling of information is needed in combinatorial experiments to ensure that the maximum value is extracted from such high-throughput experimentation.
Thermomechanical gradients.
A logical progression on the theme of thermal gradients is the use of thermomechanical gradients in generating combinatorial libraries. This approach has the added value of exploring processing variables in a combinatorial context. Gallant et al. (41) have used extrusion methods to develop graded polymer composites and have integrated these experiments with statistical design-of-experiments strategies (Figure 4) . This type of quantitative comparison between combinatorial experiments and statistical analysis is needed to ensure that data from such experiments are indeed robust and can subsequently benefit from quantitative analysis.
Discrete Libraries
In discrete libraries, as the name suggests, each sample in a combinatorial array is isolated from the next. Subsequently, one explores property characteristics, using a variety of screening methods, to establish the library. There are numerous and diverse experimental techniques used to screen properties, depending on whether the material is in a thin-film, particulate, or bulk form.
One-dimensional or two-dimensional discrete arrays. Direct deposition or other focused processing can be used to produce discrete libraries, ranging from ink-jet-type printing to microarrays of materials deposited in wells to discrete geometric arrangements (42) . The literature is full of such examples in a wide range of materials libraries, including polymers, glasses, metal alloys, and catalysts ( Figure 5 ).
Substrate patterning. Using a substrate as a platform, researchers have proposed a variety of methods for generating discrete patterns onto which libraries can be developed (43) (44) (45) . Using controlled variations to the exposure of UV radiation on self-assembled monolayers, Epps et al. (46) have been able to generate a template for combinatorial libraries of surface energy (Figure 6) . A gradient combinatorial approach was used to examine the effect of substrate surface energy on the morphology and stability of films of a poly(isoprene-b-styrene-b-ethylene oxide) triblock copolymer that exhibits an alternating gyroid morphology in the bulk. Combinatorial library of kinetic parameters (in this case rate-constant measurements) generated by controlled thermal gradients. (a) Schematic of experimental arrangement for generating a thermal gradient. A Peltier element is attached to the backside of a gold-covered glass substrate. On top of the substrate, a closed liquid cell, which contains the reaction medium, is mounted. The operation of the Peltier element establishes a temperature gradient along the sample (indicated by the color gradient), which, depending on the position on the sample surface, leads to different extents of the reaction after a given reaction time.
(b) Kinetic analysis of the hydrolysis of ester groups in self-assembled monolayers on gold. The position-resolved analysis of the surface composition of the thin organic film for a limited number of experiments with different reaction times yields the reaction kinetics and its dependence on temperature. 
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Figure 4
A combinatorial map of processing parameters associated with the search for bulk materials with targeted combustion properties. This study provides a good example of linking phenomenological observations via combinatorial methods with modeling results. Figure 7) . Applying a combination of masking techniques and a rotating ablating target, these authors have shown how they can rapidly create both controlled chemistries as well tailored catalytic functionality of these particles.
Discrete multilayers. Because of the engineering need for developing metallization schemes in microelectronics, in the 1970s and 1980s there was a strong interest in understanding the potential effects of interdiffusion in discrete multilayers. As a result, there were numerous studies in techniques for synthesis and high-throughput screening of compound formation in thin-film libraries. Although never termed combinatorial, these studies represented one of the earliest and in fact the most systematic approaches in addressing the fundamental materials science issues governing the establishment of diffusion-based combinatorial libraries. The reader is referred to the Annual Reviews article of two decades ago by Tu (51) for a summary of those approaches. Much A combinatorial array of multicomponent catalyst chemistry generated via (a) discrete arrays of chemistries subsequently subjected to gas-solid reactions producing (b) a library of catalytic activity and multicomponent chemistry. Adapted with permission from Reference 3. Copyright 2004, Elsevier.
of the research at that time focused on understanding the coupling of kinetics and microstructure with phase formation (33) (34) (35) . Now, with a better control of deposition techniques, one can explore in far more detail the same systems that were studied earlier [see, for example, Rajan & Wallach (52) Use of masking techniques for a high-throughput pulsed laser ablation system for generating combinatorial libraries of multicomponent nanoparticles. Shown are (a) an ablating target, (b) a rotatable target holder, Microfluidics. Microfluidics offers an extraordinary level of flexibility and control to manipulate fluids in extremely small volumes. Numerous groups have taken advantage of this approach, using microfluidics to promote chemical reactions and/or transport discrete particles so as to create combinatorial arrays (29, (55) (56) (57) (58) . Many of these applications have been in the area of polymerbased libraries or catalysis for which the material is in particulate form. As noted by Jeon et al. (55) , microfluidics networks offer a number of methods to generate gradients (Figure 8 ):
1. Appropriate fluids or solutions can be used to generate gradients in topology, medium, and surface, all in the same channel. An example of (a) a microfluidic network for generating topographical gradients in SiO 2 . These gradients in topography of the surfaces are produced by the generation of concentration gradients of etching reagents and then (b) the use of these gradients to etch profiles into the surface of the microfluidic structures. The differences in the thickness of the SiO 2 layer give rise to (c) the different interference colors in the etched channels. These microfluidic networks then become templates to study a variety of phenomena in cell biology and chemistry such as the role of surface topography on cell-surface interactions. Adapted with permission from Reference 55. Copyright 2000, American Chemical Society. 2. It is possible to generate gradients of varying length scales, from several microns to several hundreds of microns, depending on the total number of branches and the width of the outlet channel where all the branches are combined. 3. Gradients of different shapes and kinds (static and dynamic) can be obtained with modifications of the procedure, the microfluidics network design, or the implementation of the experiment (i.e., relative flow rates). Combining these systems with three-dimensional microfluidic networks provides an additional level of control. 4. A microfluidic gradient generator can be used with a broad range of substrates.
Split-and-pool techniques. The split-and-pool method essentially uses a pool of discrete chemistries to generate chemical reactions. The resultant set of reactions, which splits from the original set of reactions, can then serve as the next generation of chemical reactions. These libraries may consist of a mixture of chemical species in solution or may be synthesized on polymer or glass beads via the combinatorial split-and-mix method. The latter method of compound synthesis can efficiently produce libraries containing billions of compounds, with each support bead possessing only one compound. Split-and-pool techniques essentially use particles as mobile discrete substrates. Borrowing experimental strategies from organic chemistry, numerous workers have adapted these methods for inorganic systems by finding novel ways of tracking the particle substrates (59, 60) (Figure 9 ).
Fluid-solid reactions. Discrete libraries that are then subjected to a continuous fluid interaction provide another example of a hybrid combinatorial process. This is of particular relevance in problems in which the materials functionality of interest is based on properties such as catalysis, oxidation, or electrochemistry (see, for example, 2, 17-19; see Figure 10 ).
HIGH-THROUGHPUT SCREENING: DETECTING TRANSIENT EVENTS IN COMBINATORIAL LIBRARIES
Most studies of combinatorial libraries, especially those that depend on some type of mass transport mechanism, focus on the results after the experiment is complete. However, it is often important to understand the pathway or steps achieved before a particular phase is formed. Phase formation can be a highly nonlinear process, and the detection of a given phase in a combinatorial experiment (thin film or bulk) is a manifestation of kinetic phenomena and not defined only by phase equilibria (61) (62) (63) (64) (65) (66) (67) . There is a strong need to have combinatorial experiments that track the evolution and devolution of phases and local changes in chemistry during the combinatorial experiments; such studies help to provide much greater insight into the role of kinetics and microstructural evolution in combinatorial libraries. The detection of transient events is also important in not only solidstate-diffusion libraries but also libraries involving the fluid-solid reactions that were highlighted in the last section. High-throughput screening is not limited to surveying libraries quickly; it can also be useful in the detection of fast-occurring events. In this part of the review, we briefly highlight some studies that demonstrate the experimental strategies for capturing timescale information in high-throughput experimentation.
Weber et al. (68) have used in situ diffraction techniques to monitor the evolution of phases in gas-solid reactions and to track the development of compositional libraries capturing phase changes on the order of seconds. Maier and coworkers (69, 70) have captured similar timescales; these researchers have used infrared thermography to track exothermic reactions associated with gas-solid reactions in combinatorial catalyst libraries (Figure 10 ). This latter technique allows one to acquire temporal and spatially resolved data for integrated heats of reaction of a whole library of catalysts in one step. The detection of catalytic activity for heterogeneous gas-phase reactions, even with the smallest catalyst samples (less than 200 μg), is possible. (71) have used pulsed laser ultrasonics for this very purpose in tracking phase evolution in multilayer thin-film combinatorial libraries (Figure 11) . Laser ultrasonics is a powerful method for the nondestructive, rapid, contactless analysis of multilayer thin-film stacks at high lateral resolution. A successful application of the short-pulse-laser-ultrasonic method is reliant on absorption of a short laser pulse-the pump pulse-within a very thin near-surface layer, thus producing an acoustic pulse. The acoustic wavelength and the dominant frequency content of the acoustic pulse are governed by the absorption length of the laser pulse as long as the temporal length of the pump pulse is shorter than the period of the dominant acoustic wavelength. The limiting factors of the method are the high heat transport in and the long absorption length of the pump pulse, thus limiting the excitation and detection of high-frequency bulk waves in some materials. An example of dynamic combinatorial measurements involving aqueous electrochemistry that can be juxtaposed with the screening of gas-solid catalytic libraries. Cyclic voltammetry to screen electrocatalysts for fuel cell applications: (a) peak current densities and (b) onset potentials of methanol oxidation for the Pt-Ru-W systems. Adapted with permission from Reference 17. Copyright 2000, Elsevier.
Database: a systematic compilation of data, whether the data are from combinatorial experiments or experiments producing reference data
INFORMATICS AND COMBINATORIAL EXPERIMENTATION
Combinatorial experiments aim to create many data, which in turn generate challenges in how to manage and handle those data. The issues include managing work flows in experiments, tracking multivariate measurements and storing the data, and the ability to query and retrieve information from such databases. A vast array of literature on this subject (72, 73) 
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Figure 11
Comparison of measurements of interfacially mediated solid-state reactions in multilayers. Experiments track compound formation dynamically, using short-pulse ultrasonics as a high-throughput-screening tool. Data mining: an interdisciplinary field merging ideas from statistics, machine learning, databases, and parallel and distributed computing; provides a unique tool to integrate scientific information and theory for materials discovery address other aspects of information processing that focus on how to interpret scientifically the data generated from combinatorial experiments and high-throughput screening. One of the most challenging problems of combinatorial materials science arises from the large dimensionality of the search space. Furthermore, the synthesis routes as well as the concentrations of the solutions can be varied. Thus, a systematic synthesis and testing of all possible materials are seemingly not possible within a finite time period. However, data mining-an interdisciplinary field that involves merging ideas from statistics, machine learning, databases, and parallel and distributed computing-provides a unique tool for integrating scientific information and theory for materials discovery. The key barrier in data mining is the extraction of knowledge and insight from massive databases. This task takes the form of discovering new patterns or building models from a given data set. Researchers will be challenged to take advantage of recent advances in data mining and apply them to state-of-the-art computational and experimental approaches for materials discovery (74) (75) (76) (77) .
Data-mining techniques have two primary functions, pattern recognition and prediction, both of which form the foundations for understanding materials behavior. Following the treatment of Tan et al. (78) , the former function, which is more descriptive in scope, serves as a basis for deriving correlations, trends, clusters, trajectory, and anomalies among disparate data. The interpretation of these patterns is intrinsically tied to an understanding of materials physics and chemistry. In many ways this role of data mining is similar to the phenomenological structure-property paradigms that play a central role in the study of engineering materials. However, now we will be able to recognize these relationships with far greater speed, and we will not necessarily depend on a priori models, provided of course that we have the relevant data. The predictive aspect of data-mining tasks can serve for both classification and regression operations. Data mining, which is an interdisciplinary Principal component analysis (PCA): a mathematical technique useful for reducing the dimensionality of data blend of statistics, machine learning, artificial intelligence, and pattern recognition, has a few core tasks:
1. Cluster analysis seeks to find groups of closely related observations and is valuable in targeting groups of data that may have well-behaved correlations and can form the basis of physicsbased as well as statistically based models. Cluster analysis, when integrated with highthroughput experimentation, can serve as a powerful tool for rapidly screening combinatorial libraries. 2. Predictive modeling helps build models for targeted objectives (e.g., a specific materials property) as a function of input or exploratory variables. The success of these models also helps refine the usefulness and relevance of the input parameters. 3. Association analysis is used to discover patterns that describe strongly associated features in data (for instance, the frequency of association of a specific materials property to materials chemistry). Such an analysis over extremely large data sets is possible with the development of very-high-speed search algorithms and can help to develop heuristic rules for materials behavior governed by many factors. 4. Anomaly detection does the opposite by identifying data or observations significantly different from the norm. The ability to identify such anomalies or outliers is critical in combinatorial experiments and high-throughput screening, especially to quantitatively assess the uncertainty and accuracy of results and distinguish between true discoveries and falsepositive results.
Furthermore, the synthesis routes as well as solution concentrations can be varied. Therefore, systematic synthesis and testing of all possible materials within a finite time period are seemingly not possible. A statistical evaluation to search for each descriptor is ineffective and computationally expensive. One basic approach to address this problem is principal component analysis (PCA, also referred to as singular value decomposition). PCA is one member of a family of related techniques, including factor analysis and principal coordinate analysis, that provide a projection of complex data sets onto a reduced, easily visualized space. A simple way of imagining this concept is to visualize a three-dimensional cloud of data points that map correlations between data sets based on a multiple set of potential variables or influencing parameters. The use of this technique reduces the information dimensionality of the vast arrays of data obtained from combinatorial experiments, large databases, or simulations so that there is minimal loss of information (79) (80) (81) . The complex tasks of prediction or classification are made easier in this compressed space (see Figure 12) (86) .
In the following discussion we use two case studies of combinatorial experimentation as examples of the integration of informatics with high-throughput screening. The first case (combinatorial catalysis design) deals with the challenges in visualizing and hence interpreting high-dimensional data sets from combinatorial experiments. The second case (combinatorial polymer design) has to do with the use of data mining to extract patterns of information from high-throughput-screening data that cannot otherwise be easily achieved, by a simple examination of the raw data from such screening methods.
Visualization of High-Dimensional Data
Mixed-metal oxides play a relevant role in many areas of chemistry, physics, and materials science. In principle, the combination of two metals in an oxide matrix can produce materials with novel physical and chemical properties that can lead to a superior performance in technological applications. The two metals can behave as isolated units that bring their intrinsic properties to the system. Alternatively, their behavior of the two metals can be modified by the effects of metal ↔ metal or metal ↔ oxygen ↔ metal interactions. In this respect, it is important to know how to 
Binning/clustering:
Each data point represents a correlation position of the compound, as influenced by all descriptors.
Seek patterns of clustering in PCA space that may involve other statistical and data-mining techniques; integrate into materials science interpretation for knowledge discovery. choose the "right" combination of metals. Just to consider which combination is appropriate and why is in itself a challenge, and hence when one considers mixed metal catalysts with four, five, or more metals, we have what appears to be a prohibitive problem to explore, in a reasonably timely manner, the catalytic behavior of such a vast array of chemistries. Maier, Rajan, and colleagues (82) have attempted to address that issue through a study of 1001-combinatorial-catalyst library. The chemistries sampled the complete composition spread of a five-dimensional search space containing the elements Cr, Co, Mn, Mo, and Ni, were prepared by a sol-gel recipe, and were tested by the high-throughput-screening reactor.
One approach to unravel the complexity is to use a variety of visualization approaches to track the raw data from combinatorial experiments (Figure 13) , which helps to establish the framework on how data-mining techniques can be applied to unravel the complexity of combinatorial experiments. The application of data-mining techniques can help address two issues: the selectivity of a given metal to catalytic activity (i.e., a reaction product) and the relative influences of metal chemistry and catalytic activity. By integrating PCA to reduce data dimensionality combined with clustering analysis, one can begin to correlate the presence of a specific metal species with the selectivity of a given reaction product (Figure 14) . Hence the data-mining techniques can help not only to identify the relative selectivity of metal ions on catalytic products but also to assess the relative impact of these elements.
Although PCA is helpful in assessing the relative impact of multiple parameters on properties, it is not a predictive tool. For predictive capabilities we need to apply other methods. Sieg et al. (84) , for example, have explored different data-mining approaches to predict the response behavior of combinatorial experiments, thus effectively developing a simulated combinatorial experiment. A simulation of a combinatorial experiment refers to developing a quantitative tool whose output is the predicted signals associated with the screening tool in a combinatorial experiment.
Tracking Chemical and Processing Pathways in Combinatorial Libraries
It is important not only to discover a target feature in a combinatorial library but also to glean from these experiments the variations in the library that can be difficult to assess from simple visual inspection of the data (see Figures 12 and 15) . We provide here an example to show how informatics can be used to detect important subtleties in the signals from combinatorial experiments that cannot be seen through simple visual inspection. Polyanhydrides are important materials for biomedical applications, especially in drug delivery, owing to their degradation and erosion (29) . For drug delivery applications, the choice of correct chemistry and management of various degradation factors (for example, kinetics of drug release and polymer-drug interaction) are essential for proper drug stabilization. High-throughput Fourier transform infrared (FTIR) screening is valuable in screening compositional libraries of polyanhydride (CPH) copolymers.
If, instead of monitoring the wave numbers and integrated intensities of the FTIR spectra of each combinatorial sample, we track the correlations between all features of the FTIR spectra in the entire combinatorial array simultaneously, then we can associate subtle changes in chemistry that cannot be seen by simply looking at the final output of the screening experiment (85) . For instance, one can simply combine the score and loading plots together, and this permits one to track how critical changes in dominant wave numbers occur at polymer chemistry blends that could not be detected by directly observing the FTIR spectra associated with each chemistry in the combinatorial library (see Figure 15 ). This example demonstrates how simple visual inspection of combinatorial data is not sufficient in interpreting combinatorial data. The merging of informatics techniques with combinatorial experiments provides a significant value-added level of interpretation to the analysis of results from combinatorial libraries. The use of such datamining techniques needs to become an integral part of high-throughput-screening methods in combinatorial experimentation.
CONCLUSIONS AND FUTURE ISSUES
Combinatorial materials science has a great deal of promise and an exciting future but can benefit from an examination of the past. Decades of work exist on generating interdiffusion-generated materials libraries in thin-film and bulk forms. At the time, such work was not called combinatorial, but unlike the focus of today's research on screening properties, this earlier work was more concerned with screening structure and microstructure. This work in turn motivated the development of a large body of literature on theory and modeling that should provide a launching point for designing strategies for combinatorial experimentation. For instance, combinatorial libraries might be used to develop phase diagrams and, when coupled to spatially resolved property screening, to generate structure-property libraries via combinatorial experimentation. Apart from phase-equilibria-type data, combinatorial experiments provide a unique opportunity to generate microstructural libraries (governed by kinetics). For example, when such experiments are coupled to the plethora of high-throughput-screening techniques, they can then serve as the foundation for combinatorial libraries to serve as experimental platforms for linking length scales and timescales and, hence, multiscale modeling. However, it is important to understand the role of kinetics and microstructural evolution in defining these libraries. Combinatorial library synthesis needs to be linked to the significant advances in computational modeling related to phenomena such as interdiffusion, microstructural evolution, and thermomechanical processing. Achieving these links to theory and the related assessment of accuracy of measurements in high-throughput screening is also critical if combinatorial libraries are to become a source of generating reference data.
The advances in the past decade in developing synthesis and screening methods for the experimental fabrication of combinatorial libraries are a testament to good engineering. The next step is to establish quantitative and mathematically rigorous informatics, uncertainty analysis, and modeldriven fabrication of such libraries so that combinatorial experimentation is not simply a platform for high-throughput empirical observations but truly an accelerated knowledge-discovery tool.
SUMMARY POINTS
1. We provide a general classification of combinatorial methods that is not materials system specific.
2. The concept of dynamic combinatorial libraries is introduced to identify ways in which length scales and timescales can be captured simultaneously.
3. The use of high-resolution screening techniques to capture transient phases during phase formation in libraries is important for combinatorial library synthesis.
4. The integration of informatics and data-mining techniques is crucial for the interpretation of data derived from combinatorial experiments.
5. It is essential to couple advanced scientific visualization techniques to combinatorial experiments.
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